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Abstract 
This study’s aim is to develop a valid and reliable evaluation instrument to define the believes according to using technology in 
mathematical teaching. The sample is formed with 216 candidate teachers. While forming a scale those steps are followed having 
item tool, taking expert opinion, implementation, computing validity and reliability, finalizing the scale. At the end of the 
analysis scale is formed with 31 items, four factors and four factors’ variance ratios are %44. Cronbach Alpha internal integrity 
coefficient is calculated as 0.895 for the whole scale. In line with findings “the belief scale according to using computer 
technology in mathematics teaching” is improved and it is decided as a valid and reliable evaluation instrument. 
© 2014 The Authors. Published by Elsevier Ltd. 
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1. Introduction 
When the advancements in the realm of technology, particularly the developments that occurred in the recent 
years, are examined, it can be clearly seen that the technology advances in giant steps, while in comparison 
education generally, and mathematics education specifically, try to follow technological developments with rather 
smaller steps. As a consequence of the developments that have taken place, it was initially presumed that technology 
would actually reform the education system, but in reality technology was only used to support the traditional 
education methods in mathematics education, and this has not led to significant breakthroughs within the learning-
teaching processes. In fact, it was argued that the use of computers in mathematics instruction with the purpose 
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ofinvestigating and discovering mathematical concepts and relationships would alter the traditional educational 
settings however despite a long period of time has passed, the changes that were previously foreseen were never 
realized in practice (Baki, 2002). There are several factors that underlie the above-mentioned absence of change. 
These factors were classified and divided into two groups by a number of researchers under the categories, internal 
factors (belief, attitude, self-confidence etc.) and external factors (equipment, time, access to resources, technical 
support etc.) (Ertmer, 2005; Mazman ve Koçak-Usluel, 2011). Ertmer (1999) indicated that when technology was to 
be integrated to the classes, external factors such as equipment, time, access to resources and technical support could 
have been easily eliminated, however the internal factors, which refer to the teachers’ beliefs in relation to teaching 
and learning methods were much harder to change and these pointed to a more significant process. 
A teacher’s beliefs, which are comprised of concepts, ideas and value systems (Ernest, 1989), have a significant 
impact on teaching (Thompson, 1992) and during the integration of technology teachers’ beliefs play an especially 
important role (Baki, 1994; Bullock, 2004; Ertmer, 2005; Huang ve Liaw, 2005). Moreover, the teachers’ beliefs in 
relation to the importance of technology are also essentially significant factors that determine the frequency of the 
use of technology (Russell, Bebell, O’Dwyer ve O’Connor, 2003). Aside from this, several studies conducted show 
that the beliefs that teachers hold are strongly correlated with the decisions given in relation to classroom 
applications. Additionally, it is generally acknowledged that the teachers that have positive believes about 
technology feel more comfortable in combining and using technology together with teaching and as part of their 
educational methods (Kersaint, Horton, Stohl ve Garofalo, 2003). Then, if technology is to be integrated with the 
classes, it is particularly significant to firstly determine the believes that the teachers have in relation to technology 
and to ensure that they are given learning experiences, which enable them to change these believes in a positive 
way. In order to achieve this, a data collection tool, which measures the teachers’ believes in relation to technology, 
is necessary. 
When the literature is examined, it is realized that there are several studies conducted in this field with the 
purpose of developing scales. Selwyn (1997), prepared a draft scale, comprised of 49 items with the aim to 
determine the students’ attitudes towards the computers. The draft scale was implemented to collect data from 266 
students, with ages ranging between 16 and 19, and as a result of the factor analysis, an attitude scale that contains 
21 items, was developed. The scale is a five point Likert scale and contains 11 positive and 10 negative items. 
Yeşilyurt and Gül (2007) on the other hand, aimed to develop an attitude scale within their study in order to 
determine the computer using skills and the attitudes of prospective teachers towards the computers. With this 
objective, a draft scale comprising of 53 items was prepared and this scale was applied to measure the attitudes of 
164 prospective teachers that are studying in subjects related to science. As a result of the validity and reliability 
studies, the authors developed a scale that contains 26 items in total. Çakıroğlu, Güven and Akkan (2008) developed 
a belief scale first of all, within the scope of their study where they examine the believes of mathematics teachers 
towards using computers as part of mathematics instruction methods. During the scale development process, trial 
applications were not implemented but theoretical forms were taken into consideration in accordance with expert 
believes. While the theoretical form was being developed, the following steps were followed respectively: 
Determining the characteristic that will be measured, taking the believes of field/subject experts, identifying the 
scale items, obtaining the prospective scale, determining the scope validity rates, specifying the items in accordance 
with the scope validity indices, developing the theoretical form. As a result of the study that has been conducted, a 
five point likert type belief scale was developed that is comprised of 27 items and three sections. Öksüz, Ak and Uça 
(2009) developed a scale to determine the perceptions of prospective teachers and active teachers with respect to the 
use of technology as part of mathematics education within elementary schools in their study. The preliminary trial 
form of the scale contained 93 items and this was carried out with the participation of 348 participants. As a result of 
the validity and reliability study, another scale that contains 73 items in total, of which 63 were positive and 10 were 
negative, was developed. The coefficient of internal consistency for the scale was determined as 0.96. In conclusion, 
a valid and reliable measuring tool was developed as a three factor, five-point likert scale. As it may be seen from 
the examples provided above, even though there are several previous studies within the literature carried out in order 
to develop a reliable scale, there aren’t any previous studies specifically designed to develop a scale that would 
determine the believes towards using computer technologies as part of mathematics teaching methods.  
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2. Method 
This study, which aims to develop a scale that could be used to measure the beliefs of the teachers towards using 
technology in mathematics teaching, uses the survey model. This section of the research, discusses the techniques 
used for the development of a measuring tool, data collection tool and data analysis and the sample. 
2.1. The sample of this research 
The sample group of this research consists of a total of 216 prospective teachers, studying their 3rd, 4th and 5th 
year at Karadeniz Technical University, Fatih Faculty of Education at the departments of elementary mathematics 
education, secondary mathematics education, computer and teaching technologies education. Among these 216 
prospective teachers, 97 were women and 119 were men. 98 of these prospective teachers were studying at the 
department of elementary mathematics education, while 66 were studying at the department of secondary 
mathematics education and finally 52 of them were studying at the department of computer and teaching 
technologies education. Furthermore, among these prospective teachers, 50 were 3rd year, 111 were 4th year and 55 
were 5th year students.  
2.2. Data collection and analysis 
Within the scope of this study, during the development of a measuring tool that aims to determine the attitudes of 
mathematics teachers for using computer technologies as a tool of teaching mathematics, a process that consists of 
six stages was implemented, which is explained below in more detail: 
2.2.1. Item Pool Stage: During this stage, first of all the related studies existing within the literature were examined 
and taking these studies that have been examined into account, an item pool was established (Arslan, 2003; Çelik ve 
Bindak, 2005; Yeşilyurt ve Gül, 2007; Çakıroğlu, Güven ve Akkan, 2008; Yurdugül ve Aşkar, 2008). Apart from 
this, interviews were conducted with 10 mathematics teachers and the responses obtained during these interviews 
were added to the item pool. Making use of the item pool that has been formulated, a draft attitude scale that is 
comprised of 55 items, has been developed. Among the items included within this scale, 30 items contain negative 
and 25 items contain positive responses. And the scale was designed as a five point likert scale with the response 
types; strongly agree, agree, neutral, disagree and strongly disagree.  
2.2.2. Scope Validity Identification Stage:One of the methods used frequently to determine scope validity is to 
obtain expert opinions (Büyüköztürk, 2009). Within this context, the draft scale that contains 55 items that has been 
developed was presented to two experts, who have completed their doctoral degrees in Computerized Mathematics 
Teaching and two experts within the field of scale evaluation in order to obtain their opinions with the aim to 
identify whether the draft scale could be used to measure the attitudes of mathematics teachers towards using 
computer technologies for teaching mathematics. As a result of the feedback provided by the experts, the necessary 
adjustments were made and the items were amended to obtain the final version. Moreover, the scale was examined 
by two linguistic experts in relation to the intelligibility of the items and with respect to grammar rules. 
2.2.3. Implementation Stage: During this stage, 216 prospective teachers completed the draft scale that has been 
developed and that is comprised of 55 items. The data that have been obtained were coded from positive to negative 
in the following order and were measured as I strongly agree:5, I agree:4, I am neutral:3, I disagree:2, I strongly 
disagree:1. 
2.2.4. Structure Validity Identification Stage: In order to determine the scale’s structure validity,  factor analysis was 
carried out with the data that have been gathered. While the factor analysis was conducted, the results of Kaiser-
Meyer-Olkin (KMO) and Barlett Sphericity tests, were examined together with the common factor variance values, 
eigenvalue line graphic and “varimax” rotation technique results of the items. 
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2.2.5. Reliability Calculation Stage: In order to test the reliability of the scale, the item-total test score correlation 
and Cronbach alpha reliability coefficient values of the items included within the scale were examined. Cronbach 
alpha reliability coefficient value measures the internal consistency and for values over 0.70, the test reliability is 
considered sufficient. If the item-total test score correlation is high and positive, then this indicates that the scale is 
internally consistent (Büyüköztürk, 2009). 
2.2.6. Finalizing The Scale:As a result of the analysis that has been carried out, the scale was given its final form.  
3. Findings 
The results obtained were presented under four headings, “evaluation of the appropriateness of the data for factor 
analysis, examination of the scale’s reliability through an item analysis method, conducting a factor analysis for the 
scale’s structural validity and the calculation of the scale’s reliability”.  
3.1. Evaluation of the appropriateness of the data for factor analysis 
Whether the data obtained were appropriate for factor analysis, can be explained through the KMO coefficient 
and Barlett’s sphericity test. As a result of the data analysis, Bartlett’s test was determined to be statistically 
significant (p<0.05) and KMO value was found as bigger than 0.50 (KMO=.822). The related literature underlines 
that if the KMO value is over 0.80, then the sample is considered very good for multivariate normal distribution. 
The following table presents the Barlett’s test and KMO values. 
Table 1. Kaiser-Meyer-Olkin (KMO) ve Barlett’s test results 
 
*p<0.05 
 
As it may be seen in Table 1, the KMO coefficient value, which was found as 0.822, indicates that the sample 
size was very good. Moreover, the results for the Barlett’s test as p<0.05, demonstrate that the data is suitable for 
factor analysis.  
3.2. Examination of the scale’s reliability through an item analysis method 
In order to calculate the reliability of the scale that has been applied, firstly it was examined to see whether the 
items were distinctive. In order to achieve this, the total scores for the responses given to the scale items were 
calculated for each prospective teacher. The first 27% of the scale, or 58 participants were identified as the top 
group while the last 27% was identified as the bottom group. In order to determine whether there is a statistically 
significant difference between the top and bottom groups, an independent t-test was applied. 19 items, whose 
significance values were found as p>0.05 as a result of the independent t-test were taken out of the scale.  
3.3. Conducting a factor analysis for the scale’s structural validity  
To determine the scale’s structural validity, a factor analysis was conducted. Varimax Factor Analysis was 
applied to the scale’s item analysis test for a rotation and as a result it was decided that the scale was four-
dimensional. In order to see this more clearly, Cattell’s “scree” testing was conducted and the following graph was 
obtained in relation to the number of significant factors (Kline 1994). 
 
 
Kaiser-Meyer Olkin  
(KMO) Değeri 
 .822 
 
Barlett Testi Değeri 
X2 2314.727 
sd 496 
p .000* 
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Fig. 1.Line graph showing the number of factors (Scree Plot) 
According to Büyüköztürk’e (2009), the line graph is obtained as a result of the combination of the items’ eigen 
values and for this reason, the rapid declines within the graph (breaking points) give the number of factors. As it can 
be seen within Figure 1, the factors no. 1,2, 3 and 4 experienced rapid declines while for factor no. 5 and onwards, 
the graph turned into an almost horizontal line. For this reason, the number of significant factors that the scale 
contains was determined as four.  
 
Table 2. Results obtained in relation to the factors as a result of factor analysis 
Factor Eigenvalues The percentage of variance Cumulative Percentage 
Factor 1 4.731 15.261 15.261 
Factor 2 3.590 11.582 26.843 
Factor 3 3.185 10.275 37.118 
Factor 4 2.245 7.243 44.361 
 
As it may be seen from Table 2, the eigenvalues of the four factors included within the scale are 
respectively4.731; 3.590; 3.185 and 2.245’dir. All of these values are above 1. On the other hand, the percentage of 
variance explained by these factors, is respectively 15.261; 11.582; 10.275; 7.243. The total of four factors explain 
44.361% of the variance. Given this amount of variance is above the acceptable value of 41%, the scale, that is 
comprised of these four factors can be considered as an acceptable scale. 
Seeing the distribution of total 36 items to four factors within the draft scale and in order to determine which of 
these items qualify to be included within the scale, a rotation procedure was applied through the methods of primary 
components and Varimax technique. While the tool was being developed, the factor load was accepted as 0.4 at least 
and above. Items no. 3, 12, 19, 24 and 25 within the scale had factor loads under 0.4 and the rest of the items had 
factor loads over 0.4. For this reason, given that items no. 3, 12, 19, 24 and 25 within the scale had factor loads 
under 0.4, they were taken out of the scale. Factors are named as learning, teaching, content and measurement-
assessment. Under the learning factor there are 12 items, content factor contains 4 items, measurement-assessment 
contains 4 items while the teaching factor contains 11 items.  
3.4. Calculation of the scale’s reliability 
After the factors are named, the scale’s reliability is calculated. To do this, the Cronboch alpha value is calculated 
and for each factor the scale’s general reliability coefficient is determined. The reliability coefficient for the first 
factor was found as 0.84, the reliability coefficient for the second factor was found as 0.711, the reliability 
coefficient for the third factor was found as 0.724 and the reliability coefficient for the fourth factor was found as 
0.69. The reliability coefficient for the entire scale was found as 0.895.  
4. Conclusion and Discussion 
The measuring tool that consists of 55 items developed with the purpose of measuring the teachers’ attitudes 
towards the use of computer technologies in mathematics teaching was applied with the participation of 216 
Scree Plot
Component Number
31
29
27
25
23
21
19
17
15
13
11
9
7
5
3
1
10
8
6
4
2
0
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prospective teachers. The data obtained in order to identify the scale’s structural validity, were subject to factor 
analysis. Before the factor analysis was carried out Kaiser Meyer Olkin=.822 ve Barlett’s Tests of Sphericity 
(x2=2314.727; p<.001) results were examined and it was decided that the data was appropriate for factor analysis. 
As a result of the analyses carried out, 24 items were taken out of the scale and the scale was designed as including 
four factors. 
The first factor was named as “Learning” and it is comprised of 12 items with load values ranging between .46 
and .722. The second factor was named as “Content” and it is comprised of 4 items with load values ranging 
between .511 and .764. The third factor was named as “Teaching” and it is comprised of 11 items with load values 
ranging between .45 and .629. The fourth factor was named as “Measurement-Assessment” and it is comprised of 4 
items with load values ranging between .575 and .715. The attitude scale that is composed of four factors contains a 
total of 31 items. The reliability coefficients for each factor range between .69 and .84. The reliability coefficient for 
the entire scale is .895. In conclusion, as a result of the study conducted, a reliable and valid scale comprised of 31 
items and 4 factors, was developed. 
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